Introduction
The genus Xylopia, which is a member of the family Annonaceae, provides bark and leaves that are used for the treatment of irregular menstruation, rheumatism and pain.
1,2
Studies examining the genus Xylopia have demonstrated its antimicrobial, 3 antitumor, 4 antioxidant 5 and antiinammatory 6 activities. Recently, several novel dimeric guaianes or dimeric diterpenes have been isolated from the leaves of X. vielana by researchers. [7] [8] [9] Thus far, only four guaiane-type sesquiterpenoid dimers (C-1 to C-3 0 , C-2 to C-1 0 )
have been reported, and their absolute congurations were determined by X-ray diffraction and CD experiments. As an important part of our research into searching for novel and bioactive sesquiterpenoid dimers from natural products, we rst investigated the systematic isolation of dimers from the roots of X. vielana. As a result, six new guaiane-type sesquiterpenoid dimers xylopains A-F ( Fig. 1) were isolated successfully. In addition, their inhibitory activity against the generation of NO was tested. Notably, the absolute congurations of 1 and 5 were elucidated by Cu Ka X-ray diffraction. (Table 1 ). In addition, detailed analyses of 1D and 2D NMR data implies the presence of two guaiane units (a and b). In unit (a), the 1 H-1 H COSY spectrum of 1 gave the following correlations: H 3 -14/H-10 and H-10/H 2 -9. Furthermore, the HMBC cross-peaks from H-2 to C-1/C-5 and from H 3 -15 to C-3/C-4/C-5 suggests the appearance of a ve-membered ring (I). In addition, the ve-membered ring (I) is connected to a seven membered ring (II) at C-1 and C-5, according to the analyses of the HMBC cross-peaks from H 2 -6 to C-1/C-7/C-5, from H-10 to C-1/C-8/C-9 and from H 2 -9 to C-1/C-8/C-10 ( Fig. 2) . Furthermore, two other methyl groups (H 3 -14 and H 3 -15) were linked to C-4 and C-10, respectively, by observing the HMBC cross-peaks from H 3 -14 to C-10 and from H 3 -15 to C-4 ( Fig. 2 ) On the basis of the above spectral analysis, unit (a) was established as a guaiane sesquiterpenoid. Similarly, unit (b) was also assigned as a guaiane sesquiterpenoid, supported by key HMBC cross-peaks from H 2 -6 0 to C-1'/C-7'/C-5 0 , H-10 0 to C-1 0 /C-8 0 /C-9 0 and H 2 -9 0 to C-1 0 /C-8 0 /C-10 0 . The linkage of units (a) and (b) via two direct C-C bonds (C-1 to C-2 0 , C-2 to C-1 0 ) was deduced from the key HMBC cross-peaks from H-2 to C-1 0 /C-2'/ C-10'/C-5 0 , and H-3 0 to C-1/C-2/C-10. Thus, the planar structure of 1 was conrmed, as shown in Fig. 2 . The key NOE correlations of H 3 -14/H-2 and H 3 -14 0 /H-2 indicate that these hydrogens are in the same face and were assigned as b-oriented, while the correlations of H-3 0 /H-10 place them on the opposite side and were assigned as a-oriented (Fig. 2) . The absolute conguration was further determined by a Cu Ka X-ray diffraction study. All relevant chiral centers in 1 were unambiguously assigned as 1S, 2R, 10R, 1 0 S, 3 0 R, 10 0 R and named xyloplain A (Fig. 3) . (Fig. 4) and given the name xyloplain B. C NMR spectroscopic data of 1-4
Results and discussion
No. C NMR, DEPT and HSQC spectra exhibit 30 carbon resonance peaks, of which 16 carbons were assigned as eight methylic, three methylenic, and ve methinic carbons, while the other carbons were assigned as four ketonic, eight olenic, and two quaternary carbons (Table 1) . A detailed comparison of the 2D NMR data of 3 with those of 1 indicate that they have the same basic skeleton. In an HMBC experiment, the correlations between the olenic proton H-6 to C-7/C-11, H 3 -12 to C-7/C-11 and H 3 -13 to C-7/C-11 are observed, revealing 2-oxygenisopropyl connected to the seven-membered ring at C-9. The relative conguration of 3 is in accordance with 1 via the same key NOE correlations. The absolute congurations of 3 were nally determined to be 1S, 2R, 10R, 1 0 S, 3 0 R, 10 0 R by a similar CD experiment (Fig. 4) Fig. 5) . Furthermore, The CD spectrum of 4 is in accordance with that of 1. Therefore, the absolute congura-tions of 4 was established as 1S, 2R, 10R, 1 0 S, 3 0 R, 7 0 S, 10 0 R and named xyloplain D (Fig. 4) . 
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NMR and 2D NMR data of 5 show great similarity to those of 1 except that the group at C-2 0 is an acetoxy group instead of ketonic ( (Fig. 6 ). The absolute congurations of 5 were nally determined by single-crystal X-ray diffraction was thus assigned as 1R, 2R, 10R, 1 0 S, 2 0 S, 3 0 R, 10 0 R (Fig. 7) and named xyloplain E.
Compound 6 was isolated as a yellow oil. Its positive ion HR-ESI-MS revealed a peak for a molecular ion at m/z 531.3092 [M + Na]
+ , corresponding to a molecular formula of C 32 H 44 O 5 . The difference of 4 Da between the molecular weights of 5 and 6 suggests that 6 is a dihydro product of 5, which was conrmed No. by the change of the chemical shi for C-7, C-11 and C-7 0 , C-11 0 (Table 2) and by the 1 H-1 H COSY correlations shown in Fig. 8 .
The relative congurations of 6 at H-7 and H-7 0 were determined to be a-oriented based on the NOESY correlations H-7/H-3 0 , H-3 0 /H-9 0 a and H-7 0 /H-9 0 a (Fig. 8) . The absolute conguration of 6 was assumed to be the same as that of 5 due to the similar CD and named xyloplain F (Fig. S49 †) . Additionally, we measured the inhibitory effects of these compounds on nitric oxide production in LPS stimulated RAW 264.7 macrophages to elucidate their anti-inammatory potentials. All of the compounds showed no cytotoxic effects. Interestingly, compounds 2 and 6 displayed moderate inhibition effects against nitric oxide production, while the others showed a weak inhibition at concentration of 50 mM (Fig. S50 †) .
Crystallographic data for compounds 1 and 5 have been deposited at the Cambridge Crystallographic Data Centre with the deposition numbers CCDC 1834140 and 1834138, respectively.
Conclusions
In summary, we reported, for the rst time, the isolation and structural characterization of six new guaiane-type sesquiterpenoid dimers (1-6) from the roots of X. vielana. Their structures were elucidated by extensive analyses of NMR spectroscopic data and CD spectrum. The absolute congurations of 1 and 5 were rst determined by single-crystal X-ray diffraction, while the others were established by similar CD experiments. More importantly, we provide a method to conrm the absolute conguration of guaiane-type sesquiterpenoid dimers (C-1 to C-3 0 , C-2 to C-1 0 ). All of the isolated compounds were screened for inhibitory activity against LPS induced nitric oxide production in RAW 264.7 macrophages. Interestingly, compounds 2 and 6 displayed moderate inhibition effects against nitric oxide production with IC 50 values of 34.5 and 31.1 mM, respectively, while the others showed weak inhibition at concentration of 50 mM (Fig. 9 ).
Experimental
General experimental procedures TLC analysis was conducted on HSGF 254 silica gel plates (10-40 mm, Yantai, China). Column chromatography was performed using silica gel (100-200 mesh, Yantai, China) and silica gel H (10-40 mm, Qingdao, China). Preparative HPLC (Shimadzu LC-6AD) was performed on a preparative column (Shimadzu PRC-ODS EV0233). 1D and 2D NMR spectra were recorded on a Bruker Avance 500 NMR spectrometer, and chemical shis are shown in d (ppm) with TMS as an internal reference, and coupling constants were in Hz. ESI MS spectra were recorded on Agilent LC/MSD Trap XCT spectrometer (Waters, USA) and HR-ESI MS on Q-Tof micro YA019 mass spectrometer (Waters, USA).
Plant material
The roots of X. vielana were collected from Fangchenggang, Guangxi province, P. R. China, in December 2016. The identication of the plant material was authenticated by Prof. Zhong Liu, School of Pharmacy, Shanghai Jiao Tong University. A voucher specimen (No. 201611MBS) has been deposited in the School of Pharmacy, Shanghai Jiao Tong University.
Extraction and isolation
The dried roots of X. vielana (22.3 kg) were powdered and extracted with 95% ethanol (50 L) three times at room temperature and then evaporated in vacuum to obtain a crude extract (764.1 g). The crude extract was further partitioned with petroleum ether (PE 3 L Â 3) and EtOAc (EA 3 L Â 3) to obtain two fractions. The PE fraction (32. 
Cell culture
The RAW 264.7 mouse macrophage cell line was obtained from China Cell Line Bank (Beijing, China). The cells were grown in RPMI-1640 supplemented with 10% heat-inactivated FBS, penicillin (100 U mL À1 ) and streptomycin (100 U mL À1 ) at 37 C under a humidied atmosphere of 5% CO 2 .
Bioassay for nitric oxide production
Cells were plated onto 96-well plates (4 Â 10 4 cells per well) and pretreated with 100 mL of different concentrations of compounds with two-fold concentration dilution for 1 h before stimulation with 100 ng mL À1 (for RAW 264.7) of LPS. The compounds were initially subjected to maximum dilution of 100 mM. Aer incubation for 24 h, an equal volume (50 mL) of the supernatant was mixed with Griess Reagent (Beyotime Institute of Biotechnology, China) in a 96-well plate. The mixture was allowed to react for 15 min, and the release of nitric oxide was measured at 540 nm on a Flexstation 3.
MTT assay for cell viability
Cells were seeded in 96-well plates at 1 Â 10 4 cells per well. Aer 24 h, the cells were treated with 100 mL of different concentrations of compounds (10 mM or 50 mM) for 24 h. Subsequently, 10 mL of 5 mg mL À1 MTT in DD water was added to each well, and the cells were incubated for 4 h. The medium was removed and resolved with 100 mL per well DMSO. The optical density was measured at 490 nm on a Flexstation 3 (Molecular Devices, Silicon Valley, CA, USA).
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Statistical analysis
The data were obtained from three independent experiments and expressed as the mean AE SEM. All statistical analyses were calculated by the GraphPad Prime 7 Soware (GraphPad, Avenida, CA, USA).
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